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(67) A production management system includes: a
firstcomponent selection unit (104) that, when combining
a component of a group of components A (first compo-
nent group) and a component of a group of components
B (second component group) among the plurality of com-
ponent groups, preferentially selects a component Aa
having a value far from a tolerance median of the group
of components A,; and a second component selection
unit (105) that selects, from the group of components B,
a component Bb that yields a specific dimension within
a target dimension range when combined with the com-
ponent Aa selected from the group of components A.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a production
management system and a production management
method.

BACKGROUND ART

[0002] Conventionally, there has been a production
management system that is used in a production method
of combining individual components produced in lots, to
make a product (see, forexample, JP 2009-59220 A (Pat-
ent Literature 1)).

[0003] In the above production management system,
products are produced by ranking each component on
the basis of finished dimensional accuracy of a predeter-
mined portion of each component produced in lots, and
combining components of a same rank on the basis of
ranking data created for each rank.

CITATIONS LIST
PATENT LITERATURE

[0004] Patent Literature 1: JP 2009-59220 A

SUMMARY OF INVENTION
TECHNICAL PROBLEMS

[0005] However, in such a production management
system of combining components of a same rank, com-
ponents in different ranks are not combined even if they
can be combined, which causes a problem of a lower
combination rate.

[0006] Accordingly, an object of the present invention
is to provide a production management system and a
production management method capable of improving a
combination rate of constituent components.

SOLUTIONS TO PROBLEMS

[0007] A production management system according to
one aspect of the present invention is a production man-
agement system for selecting components to be com-
bined from a plurality of component groups.

[0008] The production management system includes:

afirstcomponent selection unit that, when combining
a component of a first component group and a com-
ponent of a second component group among the plu-
rality of component groups, preferentially selects a
component having a value far from a tolerance me-
dian of the first component group; and

asecond component selection unit that selects, from
the second component group, a component that
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yields a specific dimension within a target dimension
range when combined with the component selected
from the first component group by the first compo-
nent selection unit.

[0009] According to the configuration above, when
combining a component of the first component group and
a component of the second component group among the
plurality of component groups, the first component se-
lection unit preferentially selects a component having a
value far from the tolerance median of the first component
group. Then, the second component selection unit se-
lects, from the second component group, a component
that yields a specific dimension within a target dimension
range when combined with the component selected from
the first component group by the first component selec-
tion unit. Repeatedly selecting a component from the first
component group by the first component selection unit
and selecting a component by the second component
selection unit from the second component group makes
it possible to search for combinations of all components
of the first component group with components of the sec-
ond component group. Note that, when the second com-
ponentgroup includes no component yielding the specific
dimension within the target dimension range when com-
bined with a component selected from the first compo-
nent group by the first component selection unit, the com-
ponent selected from the first component group is ex-
cluded from the components subject to combination.

[0010] In this way, the first component selection unit
preferentially selects a component having a value far
from the tolerance median of the first component group.
Therefore, by selecting preferentially a component with
lower dimensional accuracy and a lower probability of
finding a combination partner from the first component
group, and selecting a component that can be combined
with that component by the second component selection
unit from the second component group, it is possible to
reduce the number of components that remain without
being combined, as compared to the case of ranking
components on the basis of finished dimensional accu-
racy and combining components of a same rank. There-
fore, itis possible to improve the combination rate of con-
stituent components without ranking each component on
the basis of finished dimensional accuracy, and toreduce
variations of a specific dimension after the combination.
[0011] Further, in a production management system
of one embodiment, the first component selection unit
selects a component from an outermost side with respect
to the tolerance median of the first component group.

[0012] According to the above embodiment, since the
first component selection unit selects a component from
the outermost side with respect to the tolerance median
of the first component group, the combination rate can
be improved by making the selection from the first com-
ponent group, starting preferentially from a component
with lower dimensional accuracy and a lowest probability
of finding a combination partner in the first component
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group, and selecting, by the second component selection
unit, from the second component group, a component
that can be combined with that component.

[0013] Further, in a production management system
of one embodiment, the first component selection unit
selects, as the first component group, acomponent group
having a largest variation in dimension data distribution
among the plurality of component groups.

[0014] According to the above embodiment, the com-
bination rate can be further improved since the combi-
nation is performed from a component group including
many components with a low probability of finding a com-
bination partner, by the first component selection unit se-
lecting, as the first component group, a component group
having a largest variation in dimension data distribution
among the plurality of component groups.

[0015] Further, in a production management system
of one embodiment,

when the second component group has a plurality of com-
ponents that yield the specific dimension within the target
dimension range when combined with a component se-
lected from the first component group by the first com-
ponent selection unit, the second component selection
unit selects a component closer to a reference target val-
ue within the target dimension range among the plurality
of components.

[0016] According to the above embodiment, when the
second component group has a plurality of components
that yield the specific dimension within the target dimen-
sion range when combined with a component selected
from the first component group by the first component
selection unit, a component closer to the reference target
value is selected within the target dimension range
among the plurality of components. Therefore, the spe-
cific dimension of the combined components is close to
the reference target value, and variations in the specific
dimension after the combination can be reduced.
[0017] Further, in a production management system
of one embodiment,

the plurality of component groups are groups of compo-
nents constituting compressors, and

the first component group first selected from the plurality
of component groups in the first component selection unit
is of pistons each having a blade and a roller that are
integrally formed.

[0018] According to the above embodiment, the first
component group of compressor pistons each having the
integrally formed blade and roller is first selected. Since
a variation in an outer diameter dimension of these pis-
tons is larger than that of another component to be com-
bined, it is possible to make combinations, starting pref-
erentially from the group (first component group) of pis-
tons, many of which have a lower probability of finding a
combination partner than that of other components.
[0019] Further, a production management method ac-
cording to one aspect of the present invention is a pro-
duction management method for selecting components
to be combined from a plurality of component groups.
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[0020] The production management method includes:
a first step of preferentially selecting, by a first com-
ponent selection unit, a component having a value
far from a tolerance median of a first component
group in combining a component of the first compo-
nentgroup and a component of a second component
group among the plurality of component groups; and
a second step of selecting, by a second component
selection unit, from the second component group, a
component that yields a specific dimension within a
target dimension range when combined with a com-
ponent selected from the first component group in
the first step.

[0021] According to the above configuration, in the first
step, the first component selection unit preferentially se-
lects a component having a value far from the tolerance
median of the first component group in combining a com-
ponent of the first component group and a component of
the second component group among the plurality of com-
ponentgroups. Next, inthe second step, the second com-
ponent selection unit selects, from the second compo-
nent group, a component yielding a specific dimension
within a target dimension range when combined with a
component selected from the first component group in
the first step. In this way, since the first component se-
lection unit preferentially selects a component having a
value far from a tolerance median of the first component
group, it is possible to reduce the number of components
that remain without being combined, by selecting prefer-
entially a component with lower dimensional accuracy
and a lower probability of finding a combination partner
in the first component group, and selecting, by the second
component selection unit from the second component
group, a component that can be combined with that com-
ponent. Therefore, itis possible to improve the combina-
tion rate of constituent components, and to reduce vari-
ations of a specific dimension after the combination.

ADVANTAGEOUS EFFECTS OF INVENTION

[0022] Asis apparentfrom the above, according to the
present invention, it is possible to realize the production
management system and the production management
method capable of improving a combination rate of con-
stituent components, by preferentially selecting a com-
ponent having a value far from a tolerance median of the
first component group among the plurality of component
groups, and selecting, from the second component
group, a componentthat yields a specific dimension with-
in a target dimension range when combined with the com-
ponent selected from the first component group by the
first component selection unit.

BRIEF DESCRIPTION OF DRAWINGS

[0023]
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FIG. 1 is a block diagram of a production manage-
ment system according to a first embodiment of the
present invention.

FIG. 2 is a view for explaining an operation of the
production management system.

FIG. 3 is a view for explaining an operation of a pro-
duction management system according to a second
embodiment of the present invention.

FIG. 4 is a cross-sectional view showing a configu-
ration of a compressor produced with a production
management system and a production management
method according to a third embodiment of the
present invention.

FIG. 5is a plan view of a main part of a compression
mechanism unit of the compressor.

FIG. 6 is aflowchart for explaining an assembly proc-
ess of the compression mechanism unit with use of
the production management system.

FIG. 7 is a flowchart for explaining another example
of the assembly process of the compression mech-
anism unit with use of the production management
system.

FIG. 8is a view for explaining combined components
from a plurality of component groups of the produc-
tion management system.

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, a production management system
and a production management method according to the
present invention will be described in detail with refer-
ence to the illustrated embodiments.

(First embodiment)

[0025] FIG. 1 is a block diagram of a production man-
agement system 100 according to a first embodiment of
the present invention.

[0026] As shown in FIG. 1, the production manage-
ment system 100 according to this first embodiment in-
cludes a dimension data input unit 101, a dimension data
storage unit 102, a distribution analysis unit 103, a first
component selection unit 104, a second component se-
lection unit 105, and a combination information storage
unit 106.

[0027] The dimension data input unit 101 is inputted
with dimension data obtained by measuring a finished
dimension of a predetermined portion of components,
with use of a dimension measuring device (not shown)
for each component group, in association with an iden-
tification code assigned to each component. In this first
embodiment, a unit of dimension data is um.

[0028] Further, the dimension data storage unit 102
stores the dimension data inputted to the dimension data
input unit 101 for each component group in association
with the identification code.

[0029] Further, the distribution analysis unit 103 ana-
lyzes the dimension data stored for each component
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group inthe dimension data storage unit 102, and obtains
a median of drawing tolerance and a position of each
component in dimension data distribution.

[0030] Here, the median of the dimension data distri-
bution is a value located at a center of the drawing toler-
ance.

[0031] Further, the first component selection unit 104
preferentially selects a component having a value far
from a tolerance median of the first component group,
on the basis of the dimension data distribution for each
component group analyzed by the distribution analysis
unit 103.

[0032] Here, the first component group is determined
in advance as a component group having a largest var-
iation in the dimension data distribution among the plu-
rality of component groups. The variation of the dimen-
sion data distribution is determined using, for example,
variance, standard deviation, and the like.

[0033] In addition, the second component selection
unit 105 selects, from the second component group, a
component yielding a specific dimension within a target
dimension range when combined with the component
selected from the first component group by the first com-
ponent selection unit 104.

[0034] Here, the second component group is a group
of components suitable for combination with components
of the first component group in a manufacturing process.
[0035] The combination information storage unit 106
stores in advance a target dimension range of a specific
dimension when a component of the first component
group and a component of the second component group
are combined.

[0036] This specific dimension includes, for example,
a level difference in a height direction of two components
to be combined, a radial gap of two components to be
combined, and the like, and is several um to several tens
of wm in the present embodiment.

[0037] Next, an operation of the production manage-
ment system 100, that is, a production management
method will be described with reference to FIG. 2.
[0038] FIG.2showsdimensiondatax1toxmofagroup
of components A on the left side, and shows dimension
data y1 to ym of a group of components B on the right
side. Identification codes A1 to Am are assigned to the
group of components A, and identification codes B1 to
Bm are assigned to the group of components B. This
group of components A is a first component group, and
the group of components B is a second component group.
[0039] The dimension data x1 to xm of the group of
components A are obtained by analyzing, by the distri-
bution analysis unit 103, the dimension data stored for
each component group in the dimension data storage
unit 102, and arranging in order from the smallest x1 to
the largest xm of the dimension data of the group of com-
ponents A, but rearrangement of the data is not per-
formed in the dimension data storage unit 102. At this
time, the distribution analysis unit 103 obtains a median
of drawing tolerance of the component A.
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[0040] Similarly, for the dimension data y1 to ym of the
group of components B, dimension data for the compo-
nent group stored in the dimension data storage unit 102
is analyzed by the distribution analysis unit 103. At this
time, the distribution analysis unit 103 obtains a median
of drawing tolerance of the group of components B.
[0041] Then, on the basis of dimension data distribu-
tion of the group of components A, the first component
selection unit 104 preferentially selects a component Aa
(dimension data xa) having a value far from the tolerance
median (first step). Here, the component Aa indicates an
a-th component among A1 to Am.

[0042] Next, on the basis of the dimension data xa of
the component Aa, the second component selection unit
105 selects, from the group of components B, a compo-
nent Bb (dimension data yb) that yields a specific dimen-
sion (for example, (xa - yb)) within a target dimension
range Spg1 to Spgp When combined with the component
Aa selected from the group of components A by the first
component selection unit 104 (second step). Here, the
component Bb indicates a b-th component among B1 to
Bm.

[0043] In this way, when a set of the component Aa
and the component Bb is selected, the component Aa is
excluded from the next selection from the dimension data
of the group of components A, while the component Bb
is excluded from the next selection from the dimension
data of the group of components B. Note that, when there
is no component B that yields a specific dimension (for
example, (xa - yb)) within the target dimension range
Spg1 to Spg> when combined with the component Aa,
the component Aa is excluded from the next selection
from the dimension data of the group of components A,
and the dimension data storage unit 102 stores informa-
tion indicating that there is no combination component,
in association with the component Aa.

[0044] Further, the identification codes of the compo-
nent Aa and the component Bb as a selection result are
outputted to a component picking device (not shown) as
a selection signal, and the component picking device
takes out Aa and Bb corresponding to the identification
codes from a housing thatindividually houses the groups
of components A and components B.

[0045] In this way, when a set of the component Aa
and the component Bb is selected, or the component Aa
is excluded from the selection as there is no component
B to be combined with the component Aa, the process
returns to the first step. Then, on the basis of dimension
data distribution of the group of components A, the first
component selection unit 104 preferentially selects a
component A having a value far from the tolerance me-
dian, and determines a combination of the component A
and the component B until there is no selection target
(i.e., selectable component) from the group of compo-
nents A left in the dimension data storage unit 102.
[0046] In this case, the component A is selected from
an outer side of the tolerance median of the dimension
data distribution of the group of components A. More spe-
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cifically, the component having a larger absolute value
of a difference from the tolerance median is selected out
of acomponent A having a largest dimension and a com-
ponent A having a smallest dimension in the dimension
data distribution.

[0047] In the first embodiment above, on the basis of
the selection result of the components A and B, the com-
ponents are taken out from the housing by the component
picking device. However, without limiting to this, a person
may take out the components from the housing in ac-
cordance with display or print of the selection result of
the components A and B.

[0048] According to the production management sys-
tem and production management method configured as
described above, in combining a component of the group
of components A (first component group) and a compo-
nent of the group of components B (second component
group) among the plurality of component groups, the first
component selection unit 104 preferentially selects a
component Aa having a value far from the tolerance me-
dian of the group of components A. Then, the second
component selection unit 105 selects, from the group of
components B, a component Bb that yields a specific
dimension within the targetdimension range S g1 t0 S pg»
when combined with the component Aa selected from
the group of components A. By repeatedly selecting com-
ponents from the group of components A by the first com-
ponentselection unit 104 and selecting components from
the group of components B by the second component
selection unit 105, combinations for all components in
the group of components A with components in the group
of components B are searched for. Here, when there is
no component in the group of components B that yields
the specific dimension within the target dimension range
when combined with a component selected from the
group of components A by the first component selection
unit 104, the component selected from the group of com-
ponents A is excluded from the combination.

[0049] In this way, the first component selection unit
104 preferentially selects a component having a value
far from a tolerance median of the group of components
A. Therefore, by selecting preferentially a component
with lower dimensional accuracy and a lower probability
of finding a combination partner in the group of compo-
nents A, and selecting a component that can be com-
bined with that component from the group of components
B by the second component selection unit 105, it is pos-
sible to reduce the number of components that remain
withoutbeing combined, as compared to the case of rank-
ing components on the basis of finished dimensional ac-
curacy and combining components of a same rank.
Therefore, it is possible to improve the combination rate
of constituent components without ranking each compo-
nent on the basis of finished dimensional accuracy, and
to reduce variations of a specific dimension after the com-
bination.

[0050] In addition, since the first component selection
unit 104 selects the component Aa from an outermost,



9 EP 3 643 445 A1 10

or farthest side with respect to the tolerance median of
the group of components A, the combination rate can be
improved by making the selection, starting preferentially
from a component with lower dimensional accuracy and
a lowest probability of finding a combination partner, and
selecting a component that can be combined with that
component from the group of components B by the sec-
ond component selection unit 105.

[0051] Inaddition, by the first component selection unit
104 selecting, as the group of components A, a compo-
nent group having a largest variation in the dimension
data distribution among the plurality of component
groups, the combination is performed from a component
group including many components with a low probability
of finding a combination partner, and therefore the com-
bination rate can be further improved.

[0052] In addition, when there are a plurality of com-
ponents in the group of components B that yield a specific
dimension within the targetdimensionrange Sz t0 Spgs
when combined with the component Aa selected from
the group of components A by the first component selec-
tion unit 104, a component closer to the reference target
value Spg in the target dimension range Spgq 10 Spgs
is selected among the plurality of components. This ref-
erence target value Spg( is to be a median of the target
dimension range Spg¢ 10 Sppo.

[0053] This allows the specific dimension of the com-
bined componentto be close to the reference target value
Sagrg» and can reduce variations in the specific dimension
after the combination.

(Second embodiment)

[0054] FIG. 3is aview for explaining an operation (pro-
duction management method) of a production manage-
ment system 100 according to a second embodiment of
the present invention. The production management sys-
tem 100 of this second embodiment has the same con-
figuration as the production management system 100 of
the first embodiment, except that components to be com-
bined are selected from three groups of components A,
B, and C. Therefore, FIG. 1 is used.

[0055] FIG. 3 showsdimensiondatax1toxm ofagroup
of components A on the left side, and shows dimension
data y1 to ym of a group of components B and dimension
data z1 to zm of a group of components C on the right
side. Identification codes A1 to Am are assigned to the
group of components A, identification codes B1 to Bm
are assigned to the group of components B, and identi-
fication codes C1 to Cm are assigned to the group of
components C.

[0056] The group of components A is a first component
group, and the groups of components B and C are second
component groups.

[0057] Further, similarly to the groups of components
A and B, the dimension data z1 to zm of the group of
components C are obtained by analyzing, by a distribu-
tion analysis unit 103, dimension data stored for each
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component group in a dimension data storage unit 102,
and arranging in order from the smallest z1 to the largest
zm of the dimension data of the group of components C,
but rearrangement of the dimension data is not per-
formed in the dimension data storage unit 102. At this
time, the distribution analysis unit 103 obtains a median
of drawing tolerance of the group of components C.
[0058] In the production management system 100 of
the second embodiment, as shown in FIG. 3, a compo-
nent Aa in the group of components A and a component
Bb in the group of components B are selected as in the
first embodiment shown in FIG. 2.

[0059] Next, for a component C to be combined with
the component Aa and the component Bb, the second
component selection unit 105 selects, from the group of
components C on the basis of the dimension data xa of
the component Aa, a component Cc (dimension data zc)
that yields a specific dimension (for example, (xa - zc))
within a target dimension range Sp4 to Spco Wwhen com-
bined with the component Aa selected from the group of
components A by a first component selection unit 104.
Here, the component Cc indicates a c-th component
among C1 to Cm.

[0060] In this way, when a set of the component Aa,
the component Bb, and the component Cc is selected,
the component Aa is excluded from the next selection
from the dimension data of the group of components A,
while the component Bb is excluded from the next selec-
tion from the dimension data of the group of components
B. Further, the component Cc is excluded from the next
selection from the dimension data of the group of com-
ponents C.

[0061] Note that, even when there is no component C
that yields a specific dimension (for example, (xa - zc))
when combined with the component Aa within the target
dimension range spcq t0 spco, the component Aa is ex-
cluded from the next selection from the dimension data
of the group of components A, and the dimension data
storage unit 102 stores information indicating that there
is no combination component in association with the
component Aa.

[0062] Further, the identification codes of the compo-
nent Aa, the component Bb, and the component Cc as
a selection result are outputted to a component picking
device (not shown) as a selection signal, and the com-
ponent picking device takes out components Aa, Bb, and
Cc corresponding to the identification codes from a hous-
ing that individually houses the groups of components A,
components B, and components C.

[0063] In the second embodiment, the component Cc
(dimension data zc) that yields a specific dimension (for
example, (xa - zc)) within the target dimension range
Sact 10 Spco When combined with the component Aa
selected from the group of components A is selected from
the group of components C. However, it is possible to
select, from the group of components C, a component
Cc (dimension data zc) that yields a specific dimension
(for example, (yb - zc)) within a target dimension range
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Sgc1 to Sgey When combined with the component Ba
selected from the group of components B. The compo-
nent that yields a specific dimension within the target
dimension range when combined with a third component
is appropriately determined in accordance with constitu-
ent components of the product to be assembled.
[0064] Alternatively, the component yielding a specific
dimension within the target dimension range when com-
bined with a third component may be both of the compo-
nents Aand B. Thatis, a combination dimension specified
with the components A, B, and C combined may be used,
which may be, for example, a total thickness of the com-
ponents A, B, and C (thickness of component A + thick-
ness of component B + thickness of component B), or
the like.

[0065] In this way, when a set of the component Aa,
the component Bb, and the component Cc is selected,
or the component Aa is excluded from the selection as
there is no component B or component C to be combined
with the component Aa, next, on the basis of dimension
data distribution of the group of components A, the first
component selection unit 104 preferentially selects a
component A having a value far from the tolerance me-
dian, and determines a combination of the component
A, a component B, and a component C, which process
is repeated until there is no selection target left in the
group of components A in the dimension data storage
unit 102.

[0066] The production management system and pro-
duction management method of the second embodiment
have effects similar to those of the production manage-
ment system and production management method of the
first embodiment.

[0067] Further, although the components to be com-
bined are selected from the three groups of components
A, B, and C in the second embodiment, the components
to be combined may be selected from four or more groups
of components. In this case, a component group for se-
lecting a component that yields a specific dimension with-
in a target dimension range when combined with the
fourth or subsequent component is determined appropri-
ately, as with the component C, in accordance with con-
stituent components of the assembled product, the man-
ufacturing process, and the like.

(Third embodiment)

[0068] FIG. 4 shows a configuration of a compressor
produced with a production management system and a
production management method according to a third em-
bodiment of the present invention.

[0069] As shownin FIG. 4, the compressor includes a
hermetic container 1, a compression mechanism unit 2
disposed in this hermetic container 1, and a motor 3 that
is disposed in the hermetic container 1 and drives the
compression mechanism unit 2 via a crankshaft 12. The
compressor is a so-called vertical high-pressure dome-
type rotary compressor, and the compression mecha-

10

15

20

25

30

35

40

45

50

55

nism unit 2 is arranged in a lower part of the hermetic
container 1, and the motor 3 is arranged above the com-
pression mechanism unit 2. A rotor 6 of this motor 3 is
to drive the compression mechanism unit 2 via the crank-
shaft 12.

[0070] The compression mechanism unit 2 takes in re-
frigerant gas through a suction pipe 11. Further, the re-
frigerant gas is compressed by the compression mech-
anism unit 2 to become high temperature and high pres-
sure, and then discharged from the compression mech-
anism unit 2 to fill the hermetic container 1. At this time,
the refrigerant gas passes through a gap between a stator
5 and the rotor 6, cools the motor 3, and then is dis-
charged outside from a discharge pipe 13 provided above
the motor 3.

[0071] Further, the compression mechanism unit 2 in-
cludes a cylinder 21 to define a cylinder chamber 22, a
front head 50 attached to an upper end of this cylinder
21 and located on the cylinder 21, and a rear head 60
attached to a lower end of the cylinder 21 and located
under the cylinder 21. The cylinder chamber 22 is formed
by the cylinder 21, the front head 50, and the rear head
60. This cylinder chamber 22 houses a piston 29 for com-
pression of the refrigerant gas.

[0072] The front head 50 has a disk-shaped main body
51 and a boss 52 that protrudes upward from a center of
this main body 51. The crankshaft 12 is rotatably inserted
into the main body 51 and the boss 52. Note that the boss
52 is an example of an upper bearing. The main body 51
is provided with a discharge port 51a that communicates
with the cylinder chamber 22.

[0073] Further, the rear head 60 includes a disk-
shaped main body 61 and a boss 62 that protrudes down-
ward from a center of this main body 61. The crankshaft
12 is rotatably inserted into the main body 61 and the
boss 62.

[0074] Thus, a lower portion of the crankshaft 12 is
supported by the front head 50 and the rear head 60. In
this lower portion of the crankshaft 12, a portion located
between the front head 50 and the rear head 60 enters
the cylinder chamber 22.

[0075] Further, an eccentric portion 26 is provided at
the lower portion of the crankshaft 12 so as to be located
in the cylinder chamber 22. The eccentric portion 26 is
fitted to a roller 27 of the piston 29. The piston 29 is ar-
ranged in the cylinder chamber 22 so as to be capable
of revolving, and the revolving motion of the piston 29
causes a compression action.

[0076] FIG. 5is a plan view of a main part of the com-
pression mechanism unit 2 of the compressor.

[0077] The compressor includes the piston 29 having
the roller 27 and a blade 28 that are integrally formed.
The blade 28 of the piston 29 partitions the inside of the
cylinder chamber 22 into a suction chamber (low pres-
sure chamber) 22a that takes in refrigerant gas from the
suction pipe 11, and a discharge chamber (high pressure
chamber) 22b in which the discharge port 51a (shown in
F1G.1) opens on an inner surface of the cylinder chamber



13 EP 3 643 445 A1 14

22.

[0078] Further, apair of semi-cylindrical bushes 25 and
25 is brought into close contact with both side surfaces
of the blade 28, and the bushes 25 and 25 seal spaces
adjacent to both side surfaces of the blade 28. These
bushes 25 and 25 support the blade 28 such that the
blade 28 is able to advance and retract, by sandwiching
it from both sides.

[0079] When the eccentric portion 26 of the crankshaft
12 rotates eccentrically, the roller 27 of the piston 29 re-
volves with an outer peripheral surface of the roller 27
being in contact with an inner peripheral surface of the
cylinder chamber 22.

<Assembly of compression mechanism unit>

[0080] In an assembly process of the compression
mechanism unit 2 of the compressor, the production
management system 100 of the second embodiment is
used. Prior to this assembly process, the piston 29, the
cylinder 21, the crankshaft 12, the front head 50, and the
rear head 60, which constitute the compression mecha-
nism unit 2, are produced in lots by machining.

[0081] Then, dimension data is measured with use of
a dimension measuring device (not shown) for each lot
of the produced piston 29, cylinder 21, crankshaft 12,
front head 50, and rear head 60, and the measured di-
mension data is inputted to the dimension data input unit
101 (shownin FIG. 1) in association with an identification
code assigned to each component.

[0082] Then, the dimension data storage unit 102
stores the dimension data inputted to the dimension data
input unit 101 for each component group in association
with the identification code.

[0083] Here, the dimension data of each componentis:

piston 29: height, inner diameter, outer diameter,
blade width,

cylinder 21: height, inner diameter,

crankshaft 12: shaft outer diameter, outer diameter
of eccentric portion, eccentric amount of eccentric
portion,

front head 50: inner diameter of shaft bore, and
rear head 60: inner diameter of shaft bore.

Note that the shaft outer diameter of the crankshaft 12
is an outer diameter of a shaft portion of the crankshaft
12 corresponding to the shaft bore of the front head 50
and the shaft bore of the rear head 60.

[0084] Further, the distribution analysis unit 103 ana-
lyzes the dimension data stored for each component
group in the dimension data storage unit 102, to obtain
amedian of drawing tolerance for each component group
and a position of each component in dimension data dis-
tribution.

[0085] FIG.6isaflowchartforexplaining the assembly
process of the compression mechanism unit 2, with use
of the production management system 100.
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[0086] First, when assembly starts, the piston 29 is se-
lected in step S1. At this time, the first component selec-
tion unit 104 (shown in FIG. 1) selects a piston 29 from
an outermost side with respect to a tolerance median of
the group of pistons 29 (first component group) on the
basis of the dimension data distribution for the compo-
nent group analyzed by the distribution analysis unit 103.
That is, the first component selection unit 104 selects a
piston 29 having a largest absolute value of a difference
from the tolerance median.

[0087] Next, the process proceeds to step S2, and the
cylinder 21 is selected. That is, a cylinder 21 to be com-
bined with the piston 29 selected in step S1 is selected
from a group of cylinders 21 (second component group).
At this time, the second component selection unit 105
(shown in FIG. 1) selects, from the group of cylinders 21
(second component group), a cylinder 21 that yields a
specific dimension within a target dimension range when
combined with the piston 29 selected in step S1.
[0088] The specific dimension and the target dimen-
sion range in this combination of the piston 29 and the
cylinder 21 are stored in the combination information stor-
age unit 106 (shown in FIG. 1). The specific dimension
and the target dimension range therefor are the following
two, (1) and (2). A cylinder 21 that satisfies both (1) and
(2) is selected.

(1) A gap in a width direction of a bush hole of the
cylinder 21 [inner diameter of bush hole of cylinder
21 - total width of two bushes 25 - blade width of
piston 29]

The target dimension range is a range allowed for a
reference target value of the gap in the width direc-
tion.

(2) A level difference in a height direction [height of
cylinder 21 - height of piston 29]

The target dimension range is a range allowed for a
reference target value of the level difference in the
height direction.

[0089] Note that, when there are a plurality of cylinders
21, in the group of cylinders 21 (second component
group), that yield the specific dimension within the re-
spective target dimension range when combined with the
piston 29 selected by the first component selection unit
104, a cylinder 21 closer to a reference target value within
the target dimension range is selected among the plural-
ity of cylinders 21. This allows the level difference in the
height direction (specific dimension) between the com-
bined piston 29 and cylinder 21 to be close to the refer-
ence target value, and can reduce variations in the spe-
cific dimension after the combination.

[0090] Next, the process proceeds to step S3, and the
crankshaft 12 is selected. That is, a crankshaft 12 to be
combined with the piston 29 selected in step S1 is se-
lected from a group of crankshafts 12 (second compo-
nentgroup). At this time, the second component selection
unit 105 selects, from the group of crankshafts 12 (sec-
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ond component group), a crankshaft 12 that yields a spe-
cific dimension within a target dimension range when
combined with the piston 29 selected in step S1.
[0091] The specific dimension and the target dimen-
sion range in this combination of the piston 29 and the
crankshaft 12 are stored in the combination information
storage unit 106. The specific dimension is a radial gap
[inner diameter of piston 29 - outer diameter of eccentric
portion 26 of crankshaft 12], and the target dimension
range is a range allowed for a reference target value of
this radial gap.

[0092] Next, the process proceeds to step S4, and the
front head 50 is selected. That is, a front head 50 to be
combined with the crankshaft 12 selected in step S3 is
selected from a group of front heads 50 (second compo-
nentgroup). At this time, the second component selection
unit 105 selects, from the group of front heads 50 (second
component group), a front head 50 that yields a specific
dimension within a target dimension range when com-
bined with the crankshaft 12 selected in step S3.
[0093] The specific dimension and the target dimen-
sion range in this combination of the front head 50 and
the crankshaft 12 are stored in the combination informa-
tion storage unit 106. The specific dimension is a radial
gap [inner diameter of shaft bore of front head 50 - outer
diameter of crankshaft 12], and the target dimension
range is a range allowed for a reference target value of
the radial gap.

[0094] Next, the process proceeds to step S5, and a
rear head 60 is selected. That is, a rear head 60 to be
combined with the crankshaft 12 selected in step S3 is
selected from a group of rear heads 60 (second compo-
nentgroup). At this time, the second component selection
unit 105 selects, from the group of rear heads 60 (second
component group), a rear head 60 that yields a specific
dimension within a target dimension range when com-
bined with the crankshaft 12 selected in step S3.
[0095] The specific dimension and the target dimen-
sion range in this combination of the rear head 60 and
the crankshaft 12 are stored in the combination informa-
tion storage unit 106. The specific dimension is a radial
gap [inner diameter of shaft bore of rear head 60 - outer
diameter of crankshaft 12], and the target dimension
range is a range allowed for a reference target value of
the radial gap.

[0096] The combination of the constituentcomponents
of the compression mechanism unit 2 is determined by
the above steps S1 to S5. Then, in the production man-
agement system 100, the selected individual piston 29,
cylinder 21, crankshaft 12, front head 50, and rear head
60 are excluded from the next selection, with use of the
identification code of each component, from the dimen-
sion data stored in the dimension data storage unit 102.
[0097] Then, by repeating steps S1 to S5, combina-
tions of constituent components of the compression
mechanism unit 2 are determined until there is no selec-
tion target left in the group of pistons 29 in the dimension
data storage unit 102.
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[0098] FIG. 7 is a flowchart for explaining another ex-
ample of the assembly process of the compression
mechanism unit, with use of the production management
system 100. This assembly process described in FIG. 7
is different from the assembly process of FIG. 6 in that
the crankshaft 12, the piston 29, and the cylinder 21 are
selected in this order.

[0099] First, the crankshaft 12 is selected in step S11.
Atthis time, the first component selection unit 104 selects
a crankshaft 12 from an outermost side with respect to
a tolerance median of the group of crankshafts 12 (first
component group) on the basis of the dimension data
distribution for the component group analyzed by the dis-
tribution analysis unit 103. That is, the first component
selection unit 104 selects a piston 29 having a largest
absolute value of a difference from the tolerance median.
[0100] Next, the process proceeds to step S12, and
the piston 29 is selected. That is, a piston 29 to be com-
bined with the crankshaft 12 selected in step S11 is se-
lected from a group of pistons 29 (second component
group). At this time, the second component selection unit
105 selects, from the group of pistons 29 (second com-
ponent group), a piston 29 that yields a specific dimen-
sion within a target dimension range when combined with
the crankshaft 12 selected in step S11.

[0101] The specific dimension and the target dimen-
sion range in this combination of the crankshaft 12 and
the piston 29 are stored in the combination information
storage unit 106. The specific dimension is a radial gap
[inner diameter of piston 29 - outer diameter of eccentric
portion 26 of crankshaft 12], and the target dimension
range is a range allowed for a reference target value of
the radial gap.

[0102] Next, the process proceeds to step S13, and
the cylinder 21 is selected. That is, a cylinder 21 to be
combined with the piston 29 selected in step S12 is se-
lected from a group of cylinders 21 (second component
group). At this time, the second component selection unit
105 selects, from the group of cylinders 21 (second com-
ponent group), a cylinder 21 that yields a specific dimen-
sion within a target dimension range when combined with
the piston 29 selected in step S12.

[0103] The specific dimension and the target dimen-
sion range in this combination of the piston 29 and the
cylinder 21 are stored in the combination information stor-
age unit 106. The specific dimension and the target di-
mension range therefor are the following two, (i) and (ii).
A cylinder 21 that satisfies both (i) and (ii) is selected.

(i) A gap in a width direction of a bush hole of the
cylinder 21 [inner diameter of bush hole of cylinder
21 - total width of two bushes 25 - blade width of
piston 29]

The target dimension range is a range allowed for a
reference target value of the gap in the width direc-
tion

(ii) A level difference in a height direction [height of
cylinder 21 - height of piston 29]
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The target dimension range is a range allowed for a
reference target value of the level difference in the
height direction

[0104] Next, the process proceeds to step S14, and
the front head 50 is selected. That is, a front head 50 to
be combined with the crankshaft 12 selected in step S11
is selected from a group of front heads 50 (second com-
ponent group). At this time, the second component se-
lection unit 105 selects, from the group of front heads 50
(second component group), a front head 50 that yields a
specific dimension within a target dimension range when
combined with the crankshaft 12 selected in step S11.
[0105] The specific dimension and the target dimen-
sion range in this combination of the front head 50 and
the crankshaft 12 are stored in the combination informa-
tion storage unit 106. The specific dimension is a radial
gap [inner diameter of shaft bore of front head 50 - outer
diameter of crankshaft 12], and the target dimension
range is a range allowed for a reference target value of
the radial gap.

[0106] Next, the process proceeds to step S15, and
the rear head 60 is selected. That is, a rear head 60 to
be combined with the crankshaft 12 selected in step S11
is selected from a group of rear heads 60 (second com-
ponent group). At this time, the second component se-
lection unit 105 selects, from the group of rear heads 60
(second component group), a rear head 60 that yields a
specific dimension within a target dimension range when
combined with the crankshaft 12 selected in step S11.
[0107] The specific dimension and the target dimen-
sion range in this combination of the rear head 60 and
the crankshaft 12 are stored in the combination informa-
tion storage unit 106. The specific dimension is a radial
gap [inner diameter of shaft bore of rear head 60 - outer
diameter of crankshaft 12], and the target dimension
range is a range allowed for a reference target value of
the radial gap.

[0108] The combination of the constituentcomponents
of the compression mechanism unit 2 is determined by
the above steps S11to S15. Then, in the production man-
agement system 100, the selected individual piston 29,
cylinder 21, crankshaft 12, front head 50, and rear head
60 are excluded from the next selection, with use of the
identification code of each component, from the dimen-
sion data stored in the dimension data storage unit 102.
[0109] Then, by repeating steps S11 to S15, combina-
tions of constituent components of the compression
mechanism unit 2 are determined until there is no selec-
tion target left in the group of crankshafts 12 in the di-
mension data storage unit 102.

[0110] FIG. 8 shows an example of combination com-
ponents of a plurality of component groups of the pro-
duction management system.

[0111] For example, when the combination compo-
nents are a cylinder and a piston, the level difference in
the height direction (cylinder height - piston height) is the
specific dimension. Note that the cylinder height is set to
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be larger than the piston height.

[0112] Further, whenthe combination components are
a cylinder and a bush, the level difference in the height
direction (cylinder height - bush height) is the specific
dimension. Note thatthe cylinder height is set to be larger
than the bush height.

[0113] Further, whenthe combination components are
afronthead and a crankshaft, aradial gap (inner diameter
of shaft bore of front head - outer diameter of crankshaft)
is the specific dimension. Note that the inner diameter of
the shaft bore of the front head is set to be larger than
the outer diameter of the crankshaft.

[0114] Further, whenthe combination components are
arear head and a crankshaft, a radial gap (inner diameter
of shaft bore of rear head - outer diameter of crankshaft)
is the specific dimension. Note that the inner diameter of
the shaft bore of the rear head is set to be larger than
the outer diameter of the crankshaft.

[0115] Further, whenthe combination components are
a piston and a crankshaft, a radial gap (inner diameter
of piston - outer diameter of eccentric portion of crank-
shaft) is the specific dimension. Note that the inner di-
ameter of piston is set to be larger than the outer diameter
of the eccentric portion of the crankshaft.

[0116] Further, whenthe combination components are
three of a crankshaft, a piston, and a cylinder, a radial
gap (inner diameter of cylinder - outer diameter of piston
- eccentricity of eccentric portion of crankshaft) is the
specific dimension. Note that the inner diameter of the
cylinder is set to be larger than (the outer diameter of the
piston plus the eccentric amount of the eccentric portion
of the crankshaft).

[0117] Furthermore, when the combination compo-
nents are three of a cylinder, a bush, and a piston, a radial
gap (inner diameter of cylinder bush hole - total width of
two bushes - blade width of piston) is the specific dimen-
sion. Note that the inner diameter of the cylinder bush
hole is set to be larger than (the total width of two bushes
minus the blade width of the piston).

[0118] Inthe production management system and pro-
duction management method configured as described
above, first, the group of components A, each of which
is the compressor piston 29 integrally formed with the
blade 28 and the roller 27, is selected. Since a variation
in an outer diameter dimension of this piston 29 is larger
than that of another component to be combined, it is pos-
sible to make combinations, starting preferentially from
the group of pistons 29, many of which have a lower
probability of finding a combination partner than that of
other components.

[0119] The production management system and pro-
duction management method of the third embodiment
have effects similar to those of the production manage-
ment system and production management method of the
second embodiment.

[0120] In the third embodiment, the production man-
agement system and the production management meth-
od used for compressor production have been described.
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However, the production management system and the
production management method according to the
present invention can be applied for selecting compo-
nents constituting other products, without limiting to the
compressor.

[0121] Although specific embodiments of the present
invention have been described, the present invention is
not limited to the first to third embodiments, but may be
implemented by making various modifications within the
scope of the present invention. For example, an appro-
priate combination of the contents described in the first
to third embodiments may be used as one embodiment
of the present invention.

REFERENCE SIGNS LIST

[0122]

1 hermetic container

2 compression mechanism unit
3 motor

5 stator

6 rotor

11 suction pipe

12 crankshaft

13 discharge pipe

21 cylinder

22 cylinder chamber
22a  suction chamber
22b  discharge chamber

25 bush

26 eccentric portion
27 roller

28 blade

29 piston

50 front head

51 main body

51a  discharge port

52 boss

60 rear head

61 main body

62 boss

100  production management system
101  dimension data input unit

102 dimension data storage unit

103  distribution analysis unit

104  first component selection unit
105 second component selection unit
106  combination information storage unit

Claims

1. Aproduction management system for selecting com-
ponents to be combined from a plurality of compo-
nent groups, the production management system
comprising:
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1"

a first component selection unit (104) that, when
combining a component of a first group of com-
ponents and a component of a second compo-
nent group among the plurality of component
groups, preferentially selects a component hav-
ing a value far from a tolerance median of the
first component group; and

a second component selection unit (105) that
selects, from the second component group, a
componentthat yields a specific dimension with-
in a targetdimension range when combined with
the component selected from the first compo-
nent group by the first component selection unit
(104).

The production management system according to
claim 1, wherein

the first component selection unit (104) selects a
component from an outermost side with respect to
a tolerance median of the first component group.

The production management system according to
claim 1 or 2, wherein

the first component selection unit (104) selects, as
the first component group, a component group hav-
ing a largest variation in dimension data distribution
among the plurality of component groups.

The production management system according to
any one of claims 1 to 3, wherein

when the second component group has a plurality
of components that yield the specific dimension with-
in the target dimension range when combined with
a component selected from the first component
group by the first component selection unit (104), the
second component selection unit (105) selects a
component closer to a reference target value within
the target dimension range among the plurality of
components.

The production management system according to
any one of claims 1 to 4, wherein

the plurality of component groups are groups of com-
ponents constituting compressors, and

the first component group first selected from the plu-
rality of component groups in the first component
selection unit (104) is of pistons (29) each having a
blade (28) and aroller (27) that are integrally formed.

A production management method for selecting
components to be combined from a plurality of com-
ponent groups, the production management method
comprising:

a first step of preferentially selecting, by a first
component selection unit (104), a component
having a value far from a tolerance median of a
first component group in combining a compo-
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nent of the first component group and a compo-
nent of a second component group among the
plurality of component groups; and

a second step of selecting, by a second compo-
nent selection unit (105), from the second com-
ponentgroup, a component that yields a specific
dimension within atargetdimensionrange when
combined with the component selected from the
first component group by the first step.
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SIHSNE OML 40 HLAIM W10l — 40 NOILO3MIA HSNg
YIANIAD 40 J10H HSNG 40 ¥ALINVIA ¥IANNI HLAIM NI dVO ¥3ANITAD
L4VHSYNVYD 40 NOILYOd JIMINIIOT 40 ALIDIMINAD03 40 INNOWY — HIANITAD
NOLSId 40 H313WvId ¥3LNO — dvo viavy NOLSId
H3AANITAD 40 HALINVIA ¥3INNI 14VHSHNVHD
LAVHSINYHD 40 NOILMOd QIMINIDOT 40 4O TIaYN 14VHSMNVHO
H3LINYIA ¥3LNO — NOLSId 40 ¥ILIWVIQ HINNI NOLSId
14VHSYNYYO 40 H3LIWVIA ¥3LNO — 4¥9 Tiavy 14VHSMNVHO
dv3H ¥v3Y 40 IMOg L4VHS 40 ¥ILINVIA HANNI av3H ¥vay
14VHSYNYHO 40 H3ALIWVIA ¥3ALNO — 4¥S VIV 14VHSANYHO
av3H INOY4 40 IH09 L4VHS 40 ¥3LIAYIA HINNI avyaH LNONA
_ NOILOTHIA LHOIFH HSN4
LHOIEH HSNE — LHOIFH ¥3ANITAD |\ JoNTu344ia T9ATT S3ANIAD
_ NOILO3YIQ 1HDIFH NOLSId
LHOI3H NOLSId — LHOIEH MIANIAD | " 35NaNa44Id T9ATT IANITAD
NOISNIWIQ SININOAINOD
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